Visual complication is major concern when coiling ophthalmic artery (OphA) aneurysms. Fortunately, collateral flow through external carotid artery (ECA) is often well developed in OphA. 11)15)17)18) If ECA collaterals are sufficient, visual complication would not occur even if OphA is occluded. 1)7) Therefore, verifying ECA collaterals of OphA is crucial before the treatment in case of an aneurysm incorporating an OphA origin. Balloon test occlusion (BTO) is usually used to identify collateral flow of OphA. However, there are some reports of severe complication related with BTO, such as dissection, aneurysm rupture and thromboembolism. 2)14)
INTRODUCTION
pression test which can simultaneously perform during cerebral angiography, as alternative to BTO, in OphA aneurysms and investigate its usefulness.
MATERIALS AND METHODS

Study Population
From March 2013 to December 2017, 1206 patients were treated with intracranial aneurysms at our institution. Among them, we identified 20 OphA aneurysms in 19 patients from the retrospectively recorded data base. The OphA was classified by the degree to which the OphA was incorporated by the aneurysm and the contiguity between the OphA entry and parent ICA. Aneurysms incorporating an OphA origin were defined as OphA type, and those adjacent to the OphA but originating from the ICA were termed ICA type. 1) We performed the manual carotid compression test in case of only OphA type.
Angiographic assessment with manual carotid compression test
We performed digital subtraction angiography (DSA) on a biplane angiographic system (Allura, Philips Healthcare, The Netherlands). Basically, we acquired anteroposterior and lateral images of two-dimensional DSA from internal carotid artery (ICA).
After that we performed rotational angiography at af-fected side of ICA. We added two-dimensional DSA of profile angle to identify the relationship between the aneurysm and the OphA. When After the procedure, if the patient who treated by stent assisted coil embolization, dual antiplatelet agents were prescribed at least 6 months. And in case of without stent, only aspirin was administered for a month.
Clinical-angiographic outcome and follow up
Clinical outcomes were assessed with the modified Rankin Scale, which was applied throughout hospitalization and at the last available clinical follow-up.
Visual function tests of visual acuity, visual fields, and fundus examination were performed before and after the coil embolization by ophthalmologist during hospitalization.
Immediate angiographic results following coil embolization were evaluated using a 3-point Raymond-Roy classification: class 1; complete obliteration, class 2; residual neck, class 3; residual aneurysm. 16) We also confirmed whether anterograde flow of OphA was preserved after coiling.
We used magnetic resonance angiography as the routine follow-up imaging modality for all patients.
Follow up imaging studies were usually done at 6, 12
and 24 or 36 months after coil embolization. If recanalization of treated aneurysm was suspected on follow-up MRA, DSA was subsequently performed to further evaluate the patient.
RESULTS
Of the 20 OphA aneurysms in this study, 13 aneur- ual complications did not occur in the patient (Fig. 2 ).
Other patients also had no difference in ophthalmic examinations between before and after the procedure.
During follow-up period, recurrence of aneurysm was occurred in a patient with ruptured OphA aneurysm. The patient who had initially underwent coiling with double catheters technique, received additional stent-assisted coiling.
We usually did follow up imaging studies at 6, 12
and 24 or 36 months after coil embolization except this ruptured patient. In this case, when we performed the coil embolization, tried to maintain the flow to ophthalmic artery. So, we remain the neck of the aneurysm intentionally, then we followed up DSA within 2 months after the first coil embolization. In this study, we confirmed the collateral channel, with manual compression of ICA to confirm the complete blockage of ICA. In such a way, contrast medium was frequently flow in the ICA, and the imaging quality of CCA angiography was usually worse to verify the collateral flow of OPHA than performing at the ECA. Therefore, we think that ECA angiography with manual compression of ICA is more efficient than CCA angiography with ICA compression.
DISCUSSION
One of obstacle for performing the manual carotid compression test is that the location of common carotid artery bifurcation and the pathway of ICA vary from person to person. Lucev et al. 12) reported the level of CCA bifurcation from adult cadavers dissection that the superior border of the thyroid cartilage was 50%, at the level of the inferior border of the hyoid bone was 25%, the superior border of the hyoid bone was 12.5%, and at the level of the inferior border of the thyroid cartilage is 12.5%. 12) Higher level of CCA bifurcation could be hard to perform the manual compression because mandibular bone interferes with ICA compression. In addition, there is a variety of pathways and relationships between ECA and ICA. 10)12) Therefore, it is important to identify the location of the CCA bifurcation and the direction of the ICA through CCA angiography before performing this test.
This study has some limitations. Our study is a retrospective design without randomization, and it included a small numbers of patients.
CONCLUSION
The manual carotid compression test is useful meth- 
